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Abstract 
Polyamide thin film composite (PA TFC) membranes are synthesized from interfacial 
polymerization using two amines in the aqueous phase. The conventional monomer, m-
phenelynediamine (MPD), is partially replaced by a linear monomer, 1,3–diamino-2-
hydroxypropane (DAHP). The water permeability of the membranes improves by around 22 % 
(to 2.67 ± 0.09 L.m-2.h-1.bar-1) while keeping the same high salt rejection (96-98%) at an 
optimum DAHP/MPD ratio of 12.8 %. While developing the control PA TFC membrane we 
introduce a washing step and show that the support surface should be free from surface 
protective coatings to achieve high water flux (2.18 ± 0.08 L.m-2.h-1.bar-1). Incorporating DAHP 
units into the polyamide network improves the water flux through the membranes fabricated on 
both original and washed supports. The surface morphologies of polyamide films change 
significantly with introduction of DAHP, from large ridge-and-valley structure to enlarged 
nodular structures. High resolution SEM images show an ultrathin polyamide thin film with a 
thickness that is reduced with addition of DAHP. These influences of DAHP, namely a reduction 
in the selective layer thickness, an alteration in surface morphology, changes in internal 
molecular packing and hydrophilicity, are suggested as factors behind the improved water 
permeability. 
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1. Introduction 
In the shadows of drastic environmental changes and ever-increasing population, desalination 
remains the promising solution to affordable clean water for many nations. Industrially proven 
state-of-the-art reverse osmosis (RO) desalination membranes have been dominated by 
polyamide thin film composite (PA TFC) membranes1. Therefore it remains important to 
understand the structural-property relationship of polyamide membranes. . 
Commercial polyamide membranes are synthesized from polymerization of 1,3,5-
benzenetricarbonyl trichloride (TMC) and m-phenylenediamine (MPD) at the interface of the 
organic (TMC) and aqueous (MPD) precursor phases. The reaction pathway is illustrated in 
Figure 1(a).  The polyamide thin film layer, consists of two main regions: (i) a thin and highly 
cross linked primary layer made by interfacial diffusion of the aqueous phase monomer into the 
organic phase and (ii) a rough secondary layer consisting of the ridge-and-valley structure and 
nodules which is formed from an aqueous phase diffused through the primary layer 2–4. The 
chemical structure and physical properties of these two layers are of significant importance to 
both water flux and salt rejection. These properties can be tailored by controlling the diffusion 
rates of the monomers 2,3,5. The high water flux through PA TFC membrane is believed to be a 
result of the ultra-thin selective layer and the ridge-and-valley surface structure, which creates a 
high area at the membrane-water interface 6,7. 
The performance of PA membranes in RO process in terms of water flux and salt rejection can 
also be tailored by increasing the reactivity between the two monomers with catalysts such as 
camphor sulfonic acid and triethylamine 7–9. The polymer’s carboxylic acid density and the chain 
packing density 4,10–12 also might affect the water flux and salt rejection. The density of 
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carboxylic acid groups can be improved by accelerating the hydrolysis of organic phase 
monomer using additives 13,14 and by introduction of hydrophilic groups such as sulfonic acid or 
carboxylic acid to the monomers 15–17. The tuning of packing density and the reaction kinetics 
remain complex but can be controlled by the structure of monomers. For example, Li et al. 18 
replaced the conventional organic phase monomer with a bulky and rigid acyl chloride 
containing two aromatic rings, and found that the flux is reduced with an increase in the salt 
rejection. This was attributed to the increased chain stiffness and cross-linking density. Wang et 
al. introduced a triamine into the aqueous phase and observed that the water flux improved in the 
presence of the bulky triamine but with a slight reduction in the salt rejection 17. The structure-
performance relationship therefore remains complex to understand. It should also be noted that 
most of the studies related to different monomer structures pay less attention to the mechanism 
of membrane formation. When these monomers are used for polymerization, the reaction kinetics 
would be different making it difficult to understand the mechanism via direct comparison. 
In this paper, we report a hydrophilic aliphatic monomer (1,3–diamino-2-hydroxypropane, 
DAHP) as a partial replacer for the conventional aromatic monomer (m-phenylenediamine, 
MPD). As shown in Figure 1(a), the DAHP unit can be incorporated into the polyamide network. 
The molecular structures of polymer segments are determined with molecular simulation 
software, as shown in Figure 1(b-e).  Aliphatic units are assumed to introduce flexibility to the 
rigid aromatic polymer structure for improved chain mobility that can support water 
transportation. The hydroxyl group is expected to add additional hydrophilicity to the polymer 
network. Here we assume that the hydroxyl groups in DAHP can be maintained to some extent 
though it can also react with the chloride groups in TMC to form ester linkages. We show that 
partial substitution of DAHP monomers effectively improves the water flux while keeping the 
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same high salt rejection. We discuss the observed changes of desalination performance and the 
possible formation mechanism of polyamide thin films. We show that by controlling the balance 
of linear-aromatic monomers and the hydrophilicity of the aqueous phase monomers, but without 
hindering the monomer equilibrium, the performance of PA TFC membrane can be improved. 
This is in contrast to another report which has used the same monomer as an additive and in high 
percentage where the reactant balance was neglected and thus the membrane performance was 
deteriorated 19. While developing the control membrane, we also show that a polysulfone support 
free from surface coatings is very important for PA TFC membranes with high flux. 
2. Experimental details. 
2.1 Materials. Polysulfone support (PS20, molecular weight cut-off 20K) was purchased from 
ATRWater (ROCHEM UF-Systeme GmbH, Germany) and used with or without a pre-washing 
treatment. 1,3,5-benzenetricarbonyl trichloride (TMC, 98 %), m-phenylenediamine (MPD, ≥ 99 
%), 1,3–diamino-2-hydroxypropane (DAHP,  ≥  98%), dodecane (anhydrous, ≥ 99 %), hexane 
(anhydrous,≥ 99 %), sodium carbonate (anhydrous, ≥ 99 %) and ethanol (96%) were purchased 
from Sigma-Aldrich and used as received. 
2.2 Preparation of PA and PA-DAHP TFC membranes. Polysulfone supports were used as 
received, or after washing in 70 % ethanol for 1 h followed by rinsing with pure water for 10 
min. The washing was done on an orbital shaker (Grant PSU-10i, Grant Instruments) at 120 rpm 
at room temperature. The washed supports were stored in water until use and the surface was 
thoroughly dried before contacting with MPD. PA thin films were synthesized on these 
polysulfone supports by interfacial polymerization following an optimized method described by 
Xie et al. 7. In brief, the support was fixed onto a frame and immersed in a 1.5 (w/v) % MPD 
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(aq) solution for 10 min. For the PA-DAHP membranes, DAHP monomer at different 
concentrations were introduced into the aqueous solution to partially replace the MPD. After 
removing excess MPD with tissue, a squeeze roller was used to dry the surface-adhered water 
layer. Next, the support was mounted onto a frame and gasket unit, 0.05 (w/v) % TMC in 
dodecane solution was poured onto the surface and kept in contact for 1 min. After removing 
excess TMC, the membrane was washed with hexane, air dried for 1 min and washed in 0.2 % 
sodium carbonate (aq) solution for 10 min, followed by washing in distilled water for another 15 
min. The membranes were stored in distilled water overnight and tested in a dead-end filtration 
system. 
2.3 Characterization of Membranes 
Atomic Force Microscopy (AFM). PA TFC membranes were mounted onto Si wafer using 
double-sided tape and surface profiles were measured using Nanosurf AFM (Nanosurf AG, 
Switzerland) with tapping mode. The data was analyzed using a scanning probe microscopy data 
analysis and visualization software Gwyddion (Department of Nanometrology, Czech Metrology 
Institute). The root mean square roughness is considered as surface roughness and was directly 
calculated from the software. 
Attenuated Total Reflectance Infrared Spectroscopy (ATR-FTIR). Polysulfone supports and 
PA TFC membranes were dried in silica gel overnight and the active surface was analyzed with 
ATR-FTIR (Bruker Tensor 27, Bruker) with a diamond crystal and at a 45° incident angle over a 
range of 525 cm-1 – 4000 cm-1. The data were analyzed using the statistical software Igor Pro6 
(WaveMetrics Inc., USA). 
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Contact Angle Measurements: The static water contact angle was determined by the sessile drop 
method 20 using a KSV CAM 200 goniometer (KSV Instruments) with deionized water. In brief, 
a droplet of 3 µl of deionized water was placed onto a dry membrane surface, and a static image 
of the droplet in equilibration with the membrane surface was taken. Image analysis and contact 
angle computation were performed using the CAM2008 software. At least ten measurements 
were taken on different place of each PA TFC membrane. 
Scanning Electron Microscopy (SEM). PA TFC membranes were freeze-fractured, gold coated 
and observed using a S5500 SEM (Hitachi) at 5 keV. Images were analysed using open-access 
image analysis software, ImageJ (Rasband WS. U.S. National Institutes of Health, USA). 
Molecular modelling of the polyamide chains. The structures and morphologies of the polymer 
chains with MPD and with DAHP were studied using open-access molecular modeling software 
ArgusLab (ArgusLab 4.0.1, Mark Thompson and Planaria Software LLC).  
2.4 Desalination tests.  The performance of membranes in desalination was evaluated following 
the method reported in a previous study 21. Briefly, membranes were loaded in magnetically-
stirred dead-end filtration cells (Sterilitech Corporation, USA) with a feed solution containing 
2000 ppm NaCl. The mass of water filtered through the membrane were measured (m) over a 
time (t) and the water flux (F) was calculated as F = m/ (t×A) where A was the effective area of 
the membrane used. 
Conductivities of the feed (Cf) and permeate (Cp) were measured using a conductivity meter 
(SevenGo Pro, Mettler Toledo).  The salt rejection (R) was calculated as (1-Cp/Cf) and Cf was 
calculated for each sample to correct the feed salt concentration increase due to the loss of water 
from the feed-side.  
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Intrinsic membrane resistance (Rm) was calculated from the linear regression over a range of feed 
pressures using an expression adapted from [15], where the pure water flux, F, is related to the 
transmembrane feed pressure,P, as F=P/(µRm) where µ is the dynamic viscosity of water. 
 
3. Results 
3.1 Synthesis of control PA TFC membranes  
For the support of the PA TFC membrane, a commercial polysulfone ultrafiltration membrane 
was used in two different states: (i) original as received or (ii) after washing with ethanol. The 
original support produced PA TFC membranes with very low water flux and high salt rejection 
(Figure 2(a)). Increasing the MPD contact time further reduced the flux through this membrane. 
Typical pre-treatments such as soaking in water overnight also failed to improve the water flux 
to accepted levels. These observations suggested that the original polysulfone support might be 
more hydrophilic and thus absorbs more MPD than conventional polysulfone membranes 
prepared in-house 7,17. When the support was washed in 70 % ethanol (aq) for 1 hour followed by 
rinsing with deionized water, the water flux through the resulting PA TFC membranes improved 
significantly, from a range of 0.4 – 0.8 Lm-2h-1bar-1 to a range of 2.1 – 2.3 Lm-2h-1bar-1. This 
three fold increase in permeability was achieved while keeping the same high salt rejection at 96 
– 98 % (Figure 2 (a and b)). 
The polysulfone supports were analysed with ATR-FTIR (Figure 2 (c)). Peaks at 1148 cm-1, 
1290 cm− 1 and 1325 cm-1 correspond to the asymmetric vibrations of the sulfone group (-S(O)2-) 
and the peaks at 699 cm-1, 830cm-1, 1583 cm-1 and 3094 cm-1 correspond to the aromatic ring 
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vibrations and stretching 22,23 and 1488 cm-1 is assigned to CH3-C-CH3 stretching24 which are 
characteristic of polysulfone. The peak at 1024 cm-1 (C-O stretching) and a broad peak centered 
at around 3400 cm-1 (O-H stretching) which correspond to alcohols are visible only in the 
spectrum of the original support. With a few more peaks at 930 cm-1 and 2870 cm-1 
corresponding to O-H bending and C-H stretching, the additional peaks in the spectrum of the 
original support show that there is a glycerol (HOCH2-C(OH)H- H2COH) coating on the original 
support. This was later confirmed by the manufacturer as the pore stabilizing agent used to 
protect the membrane during dry storage conditions. The ATR-FTIR results also show that the 
washing step has effectively removed the glycerol coating from the support surface. In fact, 
removal of the glycerol preservative has become a standard procedure in the membrane industry 
25–28
, but our work is still important for laboratory research using industrial membranes as 
support. 
The surface roughness and static water contact angle of supports were further analyzed and 
summarized in Table 1. The AFM analysis shows that the surface of the as-received polysulfone 
support is smoother than that of the washed one while the static water contact angle is increased 
after the washing treatment. This is possibly due to a combined effect of removal of the 
hydrophilic glycerol coating and exposure of the underlying relatively rougher surface of 
polysulfone. This is further confirmed with SEM images which show more open pores on the 
surface (Figure 3 (a and b)). 
The increase in the water flux through the membrane made on the washed support is therefore 
attributed to the removal of the glycerol coating. Glycerol is a humectant which can protect the 
membrane pores from collapsing under the drying conditions 26. When used with the aqueous 
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phase monomer for the interfacial polymerization, glycerol acts as a wetting agent to improve the 
monomer attachment on to the support and avoids blocking of the support pores by the 
monomers 29. However our results show that the glycerol coating made prior to the interfacial 
polymerization reaction affects the water flux through the resulting PA TFC membrane. This is 
supposed to be a combined effect of partial blocking of pores in the support with dried glycerol, 
and the hydrophilic nature of this coating that may result in high absorption of MPD – leading to 
a highly cross-linked and thick polyamide film growth on the interface as shown in the SEM 
images in Figure 3 (c and d). Negative effects of hydrophilic supports have also been reported 
previously 30. We therefore suggest that use of clean polysulfone supports is very important for 
the fabrication of high-flux PA TFC membranes.  
3.2 Effect of DAHP as an aqueous phase monomer: membrane performance 
As shown in Figure 1, 1,3–diamino-2-hydroxypropane (DAHP) is a bifunctional aliphatic amine 
containing a hydroxyl group. It has a slightly lower molecular weight (90.12 g/mol) compared to 
MPD (108.14 g/mol). Although both the monomers are hydrophilic, DAHP has much higher 
affinity to water due to the presence of the polar hydroxyl group 31 and is characterized by its 
highly hygroscopic properties. 
In PA TFC membranes, the molar ratios of -NH2 to -COCl groups is an important factor 
determining the water flux and the salt rejection through the membrane 3,7,11 mainly due to  the 
formation of different polymer structures at different cross-linking densities. We therefore use a 
previously optimized MPD: TMC ratio reported by Xie et al. 7 and introduce DAHP into the 
aqueous phase only to partially replace MPD as shown in Figure 1 and Table 2. This keeps the 
total -NH2 concentration in the aqueous phase constant in all the experiments. 
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Figure 4(a) shows that when DAHP is introduced into the PA TFC membranes (PA-DAHP 
membranes), both the water permeability and salt rejection reach to maximum values, at 2.67 lm-
2h-1bar-1 (flux of 40.1 lm-2h-1) and 97% , respectively, for membranes with DAHP/MPD ratio at 
around 12.8%. This indicates that there is an optimum balance for the two monomers in the 
aqueous phase. Generally the water flux is improved from 32.7 lm-2h-1 to 40.1 lm-2h-1, by around 
25%, at 12.8 % DAHP/MPD ratio for the washed support. Salt rejection remains stable at around 
97 %, with the ratio of DAHP/MPD up to 20%, but significantly reduces at 30 % DAHP/MPD 
setting a limit for the aliphatic monomer content in the aqueous phase. The effect of DAHP was 
further confirmed with the PA-DAHP membranes on the original support which showed around 
100 % increase in the water flux (Figure 4(b)). These results confirm that DAHP in proper 
combinations with MPD is useful in improving the desalination properties of PA TFC 
membranes. 
The water flux and salt rejection through reverse osmosis membranes can be used as primary 
indications of the internal polymer network structure of the selective layer 21. For PA-DAHP 
membrane with the DAHP/MPD ratio at 12.8 %, the high salt rejection suggests that the internal 
structure of the polyamide film is optimized at around this level. The intrinsic membrane 
resistance (Rm) is another useful parameter for understanding the structural properties 15. Rm is 
calculated using the inverse of the slope of the pure water flux through the membrane as a 
function of the feed pressure (Figure 5(a)). The Rm reaches the lowest value of 1.05 x 1011 m-1 at 
12.8 % and increased at 20 % and 30 % ratios (Figure 5(b)). These Rm values were calculated 
using a set of membranes in the lowest water flux regime for each DAHP/MPD ratio and 
therefore the shown Rm values would be the maximum for each monomer composition. The 
lowest resistance value at the 12.8 % DAHP/MPD suggests that the balance between the 
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polyamide layer thickness, the packing and crosslinking densities, and the active surface area 
would be the optimum at this point. Rm would also be affected by the mobility of internal 
polymer segments, the thickness and the density of the primary polyamide layer (adjacent to the 
support surface). The possible effects of these parameters are discussed later with analysis of the 
molecular structure, reaction kinetics and surface morphologies of the polyamide layer. 
3.3 Effect of DAHP on the surface properties of membranes 
The surface and cross-sectional SEM images of PA membranes are shown in Figure 6. The 
control PA membrane (MPD only) shows the characteristic ridge-and-valley structure. 
Generally, upon introduction of DAHP, the wide surface ridges become less frequent with the 
appearance of pronounced nodules formed with an average size below 100 nm.  
The cross-sectional images in Figure 6 clearly show the primary and secondary layers in the 
polyamide film.  The primary layer is the densest and has the most significant effect on the water 
flux 4. The average thickness of primary layer of the control PA TFC membrane is 25.2 ± 2.1 
nm. However, upon addition of DAHP, this ultra-thin layer thickness is further reduced to 20.6 
± 2.5 nm at 12.8 % DAHP/MPD which is about a 19 % reduction. At a 30 % DAHP/MPD ratio 
the thickness of this layer is 24.57 ± 1.65 nm. Interestingly, the water flux through the DAHP-
substituted membranes inversely correlates with the thickness of the primary layer. The thickness 
of the secondary layer varies depending on the morphology of surface which is composed of flat 
ridges (ca. 160 – 190 nm in height) and nodules (ca. 75 - 90 nm in height). The incorporation of 
DAHP resulted in a smoother surface with the effective thickness of secondary layer reduced. 
The reduction in the surface roughness with the addition of the aliphatic monomer is further 
confirmed with AFM surface analysis (Figure 7(a)). 
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Figure 7 (b) shows that the static water contact angle of the unwashed PA TFC membrane is 
around 80˚ which is typical for aromatic PA TFC membranes 1,17,32. The water contact angle 
remains almost constant with the DAHP/MPD ratio increases up to 20 % but significantly 
increases at 30 % DAHP/MPD ratio owing to the smoother nodular surface.  The roughness has 
a trend towards lower values with higher DAHP whilst a notable increase in contact angle occurs 
at the highest DAHP.  Roughness, although useful, cannot completely describe the complexity of 
a surface produced by interfacial polymerization. The contact angle is a function, not only of the 
average roughness but the lateral nature of the surface topography. This is most extremely 
observed in topography-driven superhydrophobicity33–35. Since there appears to be a transition 
from ridge like to nodule like surfaces, at high DAHP, this could explain the sudden increase in 
contact angle.  However deeper studies of this transition were beyond the scope of the present 
paper. 
 
3.4 Effect of DAHP on the structure of the polyamide 
The polymer segment containing a DAHP unit has a more flexible backbone compared to that 
produced with MPD, which contains a more sterically hindering aromatic moiety. The porosity 
of the polymer network is believed to depend on the amount of water that diffuses with the 
aqueous monomer into the formed film 2,36. Therefore, the hydrophilic DAHP can improve the 
internal porosity of the primary polyamide layer and the flexibility of the polymer chains is 
favourable to a higher water flux. However, when the local pore size exceeds the size of salt 
ions, the selectivity will be compromised, which might be the case at 30 % DAHP/MPD. 
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ATR-FTIR spectrum of the support and PA-DAHP membranes are shown in Figure 8. Since 
ATR-FTIR scans a depth of 1 - 2 µm on a sample, these spectra represent both the polyamide 
thin film and the polysulfone support. A washed support is therefore used as the blank sample. 
Spectra from PA-DAHP membranes show characteristic peaks at 1660 cm−1 (amide I band 
corresponding to C=O stretching), 1543 cm−1 (amide II band, N–H bending) and 1608 cm−1 
(aromatic ring breathing) which are evident of the polyamide film. The broad peak between 
3100-3600 cm−1 corresponds to O-H and N-H groups from polyamide. The peaks at 3100 - 3000 
cm-1 and 3000 – 2900 cm-1 are assigned to aromatic C-H stretching and aliphatic C-H stretching, 
respectively, and are common to both polysulfone and polyamide 24,37. Other common peaks 
arise from the polysulfone support as discussed in section 3.1.  ATR-FTIR therefore confirms 
formation of a thin layer of polyamide on the polysulfone support at each monomer composition. 
4. Discussion: mechanism of PA-DAHP membranes 
This study shows that the introduction of DAHP into the polyamide film significantly alters the 
surface properties of the membrane as well as the structure of the polymer chains. As the fraction 
of DAHP in diamines increases, more nodules are formed leading to a smoother surface and 
reduced surface area. The thickness of the primary layer and the secondary layer are also reduced 
with an increase in the porosity of the polymer network. 
The reduction in the thickness of the primary polyamide layer might be a result of the reduced 
monomer diffusion rate into the organic phase at the interface of immiscible solvents 2,4. Since 
the linear monomer is more hydrophilic than its aromatic counterpart, we can assume that its 
diffusion rate into the organic phase is relatively slow. Slow diffusion rate of the aqueous 
monomers through the interface and into the organic phase results in thin polyamide films and 
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less hydraulic resistance 4,15,17. This DAHP-substituted primary layer should also be more 
hydrophilic with more flexibility in the polymer chains and therefore more swellable than the 
control membrane 38 which leads to low hydraulic resistance to the permeate flux. 
Aliphatic amine DAHP has a higher reactivity with TMC compared to the aromatic MPD, 
resulting in high condensation rates. The DAHP substituted polyamide therefore will precipitate 
at a more rapid rate during the interfacial polymerization resulting in a more nodular surface 
structure in the secondary layer. More nanosized spheres will therefore be formed at higher 
DAHP content. At a moderate ratio of  12.8 % DAHP/MPD, this fast precipitation might cause 
the ridges to become less thick and less frequent. The final result would be low surface 
roughness but still high surface area due to the presence of considerable amount of ridges. 
Previous studies also have shown that linear monomers produce membranes with less roughness 
39
. 
In summary, the thinnest and hydrophilic polyamide dense film structure with a high surface 
area, enhanced polymer chain mobility and improved internal porosity is believed to create the 
lowest internal resistance at the 12.8 % PA-DAHP membrane for the highest flux. In contrast, 
lowest surface roughness and low surface area are believed to reduce the water flux at 30 % 
DAHP/MPD. However with interplay between the surface area, the more open internal structure 
and the polymer chain mobility, the water flux still remains moderate but with low rejection of 
salt. The significant reduction in flux and increase in internal resistance at 20 % is believed to be 
a result of reduced surface area while still having a less porous internal structure. 
The presence of hydroxyl groups from DAHP in the polyamide films might also contributed to 
the enhanced water flux due to its ability to form hydrogen bonds with water molecules 31. 
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Intermolecular hydrogen bonds, arising from adjacent hydroxyl are known to improve the 
crystallinity 40. However the hydrogen bonding does not affect the water absorption in the 
presence of excess water since water absorbed into the polymer breaks hydrogen bonding 
between hydroxyl groups 41. On the other hand, hydroxyl groups can react with TMC to form 
network structure (e.g. ether linkages) which also might be responsible for the reduced water flux 
at high DAHP ratios. 
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5. Conclusions  
We demonstrate that the water flux through a PA TFC membrane can be improved by 
incorporating DAHP, a linear hydrophilic amine, in proper combination with the conventional 
aqueous phase monomer MPD. The surface morphology, thickness of the polyamide film and the 
structure of the polymer network are significantly changed with introduction of DAHP and as a 
result the surface roughness is reduced. The change in thickness inversely correlates with the 
improved water flux and is believed to be an effect of the slow diffusion rate of DAHP to the 
organic phase. 
The reduced thickness,  hydrophilicity and polymer chain mobility of the polyamide selective 
layer renders the high water flux for the PA-DAHP membrane while the  reduced surface area 
due to loss of ridges negatively affects the water flux. A balance between these two set of 
parameters results in the minimum internal resistance for the highest water flux at DAHP/MPD 
ratio of 12.8%. The reduced surface roughness will also be beneficial as it is always associated 
with less surface colloidal fouling 42–44. 
This work shows that selection of monomers with proper degree of hydrophilicity, diffusion rate 
as well as the structure can significantly alter the surface properties and the internal structure of 
polyamide thin films. Also the understanding of the mechanism of the formation of the 
polyamide layer would be useful to synthesize highly optimized selective layers for better 
performance. 
We also show that clean coating-free support is important for fabrication of high flux PA TFC 
membranes. Washing with ethanol effectively removed the surface glycerol coating on the 
commercial support and resulted in a dramatic improvement in the water flux from the resulting 
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PA TFC membrane. This illustrates the strong relationship between the surface properties of the 
support membrane and the desalination performance of the PA TFC membranes. 
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Schemes, Tables and Figures 
 
 
Figure 1. Synthesis of polyamide. (a) Synthesis of polyamide network from interfacial 
polymerization of m-phenylenediamine (MPD), 1,3–diamino-2-hydroxypropane (DAHP) and 
1,3,5-benzenetricarbonyl trichloride (TMC). (b) Charge density map of MPD and DAHP. (c) 
Visualization of segments of DAHP-substituted polyamide network (carbon - grey, nitrogen – 
blue, oxygen – red, and hydrogen – white). 
 
(a)
(b)
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MPD DAHP
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 24 
 
      
             
 
Figure 2: Desalination performance of PA TFC membranes made on the (a) original polysulfone 
support and on (b) washed polysullfone support. (c) ATR-FTIR spectra of the surfaces of 
original and washed polysulfone membranes. Membranes were tested at a feed pressure of 15 
bar. 
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Support membrane Surface Roughness  Water contact 
angle (degrees) Ra Rrms 
Original 3.35 nm 4.32 nm 47.7 ± 12.2 
Washed 10.3 nm 20.4 nm 56.8 ± 6.7 
 
Table 1: Surface properties of polysulfone support before and after washing. Ra = average 
roughness, Rrms = root-mean-square roughness over a surface area of 5 x 5 μm. 
 
Figure 3: SEM images of surfaces of (a) original and (b) washed polysulfone support. (c) Surface 
and (d) cross-sectional SEM images of polyamide TFC membranes synthesized from interfacial 
polymerization on unwashed polysulfone support. 
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Aqueous phase Organic phase 
DAHP / MPD 
(w/w %) 
MPD 
(w/v) % 
DAHP 
(w/v) % 
Total [–NH2] 
(mol/100ml) 
TMC in 
dodecane 
0.0 1.5 0.0000 0.0277 
0.05 (w/v) % 
(or [-COCl] = 
0.000565 
mol/100ml) 
6.0 1.4 0.0840 0.0277 
12.8 1.3 0.1167 0.0277 
20.0 1.2 0.2500 0.0277 
30.0 1.1 0.3340 0.0277 
 
Table 2: The composition of the monomers in the aqueous phase and the organic phase for the 
PA-DAHP TFC membranes 
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Figure 4: The permeate flux and salt rejection of PA-DAHP TFC membranes (a) on the 
washed support and (b) on the original support as a function of DAHP/MPD ratio in the 
aqueous phase. All the membranes were tested at 15 bar and with 2000 ppm NaCl as the 
feed. The error bars show the standard error of the mean (n≥ 3). 
  
(a) (b)
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Figure 5: (a) The pure water flux as a function of feed pressure and (b) the intrinsic resistance 
of a set of membranes representing the low flux regime in Figure 4 (a). The fit lines are for 
visual purpose only. 
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Figure 6: SEM images of polyamide TFC membranes on washed polysulfone supports. 
Polyamide membranes were synthesized from interfacial polymerization of TMC with pure 
MPD (a-b), a mixture MPD and DAHP (12.8 wt%) (c-d), and a mixture of MPD and DAHP (30 
wt%) (e-f). Arrows indicate the thickness of the primary layer. (a,c,e) Surface; (b,d,f) Cross-
sections. 
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Figure 7: Changes in surface properties of PA TFC membrane with partial replacement of MPD 
with DAHP: (a) surface roughness and (b) static water contact angle. Fit line is for visual 
guidance only. 
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Figure 8: (a) ATR-FTIR spectra of PA-DAHP TFC membranes on washed support and (b) 
expanded spectra showing the functional group region from 1800 cm-1 – 1500 cm-1 . 
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